Objective To examine recent trends and social inequalities in age specific coronary heart disease mortality. Design Time trend analysis using joinpoint regression. Setting Scotland, 1986Scotland, -2006. Participants Men and women aged 35 years and over. Main outcome measures Age adjusted and age, sex, and deprivation specific coronary heart disease mortality. Results Persistent sixfold social differentials in coronary heart disease mortality were seen between the most deprived and the most affluent groups aged 35-44 years. These differentials diminished with increasing age but equalised only above 85 years. Between 1986 and 2006, overall, age adjusted coronary heart disease mortality decreased by 61% in men and by 56% in women. Among middle aged and older adults, mortality continued to decrease fairly steadily throughout the period. However, coronary heart disease mortality levelled from 1994 onwards among young men and women aged 35-44 years. Rates in men and women aged 45-54 showed similar flattening from about 2003. Rates in women aged 55-64 may also now be flattening. The flattening of coronary heart disease mortality in younger men and women was confined to the two most deprived fifths. Conclusions Premature death from coronary heart disease remains a major contributor to social inequalities. Furthermore, the flattening of the decline in mortality for coronary heart disease among younger adults may represent an early warning sign. The observed trends were confined to the most deprived groups. Marked deterioration in medical management of coronary heart disease seems implausible. Unfavourable trends in the major risk factors for coronary heart disease (smoking and poor diet) thus provide the most likely explanation for these inequalities.
INTRODUCTION
Scotland has seen a halving of mortality from coronary heart disease in the past two decades. 1 However, cardiovascular mortality in this country is still among the highest in Europe and globally. 2 In other countries with high but declining coronary heart disease mortality, several reports suggest that these trends are changing. [3] [4] [5] [6] Slowing or flattening of the decline in coronary heart disease mortality in young adults has now been reported in England and Wales, 5 the United States, 6 France, Australia, 3 and New Zealand. 4 The pattern for trends in major cardiovascular risk factors is also changing, with dramatic increases in obesity and diabetes in all industrialised countries, 7 flattening of falls in blood pressure in US women, 8 and persistent smoking in young adults in the United Kingdom and elsewhere. 9 Recent trends in cardiovascular risk factors among Scottish adults present a correspondingly complex picture. Considerable progress was seen between 1997 and 2003, with decreases in physical inactivity, dietary intake of fat and salt, and smoking (which reached government targets set for 2010). 10 However, recent substantial rises in obesity and diabetes among young adults raise concerns about subsequent increases in their coronary heart disease mortality. 11 Because most cardiovascular risk factors are powerfully associated with socioeconomic deprivation, 12 we hypothesised that if any deterioration in mortality in young adults was occurring this would be seen particularly in the most materially deprived people. We therefore examined recent trends and social inequalities in age specific coronary heart disease mortality in Scotland, particularly among disadvantaged younger adults.
METHODS

Mortality statistics and socioeconomic status data
We obtained data on vital statistics for the Scottish population for the period 1986-2006. We limited our analyses to people aged 35 years and older. We determined underlying cause of death from coronary heart disease by using ICD-9 (International Classification of Diseases, ninth revision) codes 410-414 for 1986-98 and ICD-10 codes I20-I25 for 1999-2006. We adjusted data for age by using the direct method to the European standard population.
We categorised area level socioeconomic status by using Scottish Index of Multiple Deprivation (SIMD) fifths for 2006. The SIMD is the Scottish Executive's official measure of area based multiple deprivation. It is based on 31 indicators in six individual domains (current income; employment; housing; health; education, skills, and training; and geographical access to services and telecommunications). The SIMD is calculated at the level of data zones (median population size of 770), enabling small pockets of deprivation to be identified. The data zones are ranked from most deprived (1) to least deprived (6505) on the overall SIMD index. The result is a detailed and comprehensive picture of relative area deprivation across Scotland. We report SIMD in fifths; the first and second fifths are the least deprived, and the fourth and fifth are the most deprived.
14 As the SIMD health domain for 2000-4 includes a mortality indicator, the comparative mortality factor, this risks a tautology. We therefore repeated our analyses with only the income component of the SIMD. We obtained data on coronary heart disease mortality by age and sex for the period 1986-2006 and SIMD data for the period 1996-2006.
Trend analysis
We used five year moving averages to smooth plots of mortality and plots of annual absolute changes in the age specific mortality. We fitted a joinpoint regression to provide estimated annual percentage change and to detect points in time at which significant changes in the trends occurred (Joinpoint Regression Program, version 3.0). This technique identifies periods of mortality data with similar rates of change. This process uses a series of permutation tests, adjusted for multiple comparisons, and thus avoids bias from arbitrarily defining the periods. We used a bayesian information criterion approach to select the most parsimonious model that best fitted the data. We allowed a maximum of three joinpoints for estimations. For each estimate of annual percentage change, we also calculated the corresponding 95% confidence interval. We did two joinpoint regression analyses. The first covered the period 1986-2006 for age and sex specific coronary heart disease mortality alone, and the second covered the period 1996-2006 for sex, age, and deprivation specific coronary heart disease mortality (as this was the period for which deprivation data were available). To increase statistical power for these last analyses, we then combined the deprivation data into three groups: the two most deprived fifths (4 and 5), the intermediate fifth (3) , and the two least deprived fifths (1 and 2).
RESULTS
Age adjusted trends in coronary heart disease mortality Between 1986 and 2006 age adjusted mortality from coronary heart disease decreased overall by 60.9% in 6 .4%, −6.72 to 21.38). In men and women aged up to 75 years, the annual percentage changes were consistently smaller in the most deprived fifths compared with the most affluent fifths (tables 3 and 4). We found similar results when we repeated the analyses with the SIMD income component alone.
DISCUSSION
The overall decline in age standardised mortality from coronary heart disease conceals a flattening in younger men and women in Scotland similar to that reported in England and Wales and in the United States. Furthermore, in Scotland, the rate of decline between 1996 and 2006 in young men and women aged under 54 years was significantly slower in the most deprived groups than in the most affluent groups. Sixfold social differentials in coronary heart disease mortality were apparent in Scotland between 1986 and 2005; these differentials disappeared only above the age of 85 years. 
Strengths and limitations
This analysis has several strengths. The joinpoint regression analysis is able to identify periods of similar annual percentage change; this avoids the need to prespecify time periods (which may then bias the way in which the trends are analysed). Moreover, because we deliberately limited the maximum number of possible joinpoints in this study, each estimate of annual percentage change was based on more individual years than would otherwise have been the case.
However, such analyses also have limitations. As most of the changes in trend were recent, the confidence intervals for the average annual percentage changes were correspondingly wider. The significance of these changes should therefore not be overstated. The point estimate suggests an increase in coronary heart disease mortality in young men. However, the wide confidence interval encompassing zero simply means that a flat line is possible. This potentially important observation needs to be confirmed in other populations. Similar constraints apply when comparing rates of decline between social groups.
Although the quality of data for registration of mortality was not perfect, the potential for disproportionate miscoding of mortality in deprived areas over a short time seems very small. Furthermore, several studies suggest that coding in coronary heart disease is of good quality in young adults, extending up to and beyond the age of 65. [15] [16] [17] Measuring deprivation is a complex task. Although the SIMD may not be perfect, it is probably at least as good a measure of deprivation as the Carstairs and Townsend indices. 18 19 Because the SIMD health domain included an indicator of the comparative mortality factor for 2000-4, we had to be cautious when analysing mortality data in case a tautology occurred. However, our results were essentially unchanged when we repeated the analyses with only the income component of the SIMD as the deprivation measure. Likewise, the SIMD 2006 may not accurately reflect deprivation during the entire period of our analysis. A slowing of the rate of decline might simply reflect extremely low rates decreasing asymptotically as they approach zero. However, this could not explain the flattening in young men, in whom rates were substantially higher than in women.
International comparisons
Has this phenomenon been seen elsewhere? Previous analyses of the flattening of the decline in mortality have mainly concentrated on age and sex effects in developed countries (England and Wales, United States, and Australia). Surprisingly little attention has been paid to inequalities. A comparison of mortality by educational level and occupational class in six European countries (Finland, Sweden, Norway, Denmark, England and Wales, and Italy) showed that the decline in mortality among socially disadvantaged people was slower than that in more advantaged people in the period 1983-93. 20 In the United States, the rate of decline in heart disease and stroke mortality among the least educated people was slower than in others, particularly in African Americans with low educational levels. 21 In New Zealand, a cohort effect has been suggested, with flattening of the observed decline in mortality and a predicted major increase in burden for Maoris and Pacific Islanders (both relatively deprived compared with people of European origin). 4 
Possible explanations
Why might this flattening of the decline in mortality remain confined to the most deprived groups? Several possible explanations should be considered. Firstly, the distribution of major cardiovascular risk factors in the Scottish population showed marked socioeconomic gradients.
11 These "downstream" biological risk factors such as smoking, cholesterol, and blood pressure will in turn be strongly patterned by "upstream" socioeconomic factors such as low educational attainment, poor housing, and inadequate income. Thus in Finland, where substantial decreases in cardiovascular mortality have occurred in the past four decades, changes in risk factors are a stronger explanation for the decline in mortality among the low socioeconomic groups compared with the more affluent ones. 22 Different levels and rates of change for cardiovascular risk factors in different socioeconomic groups may therefore make an important contribution to the continuing inequalities in mortality from coronary heart disease. 12 23 In Scotland, the rate of smoking in young adults is not declining as fast as it is in older groups. Furthermore, deprived groups continue to have much higher smoking rates. 11 In the United States, although cholesterol and blood pressure have improved in all socioeconomic groups, smoking and diabetes have actually increased among the more deprived groups. 24 Much more probably, these changes in mortality reflect social gradients in unhealthy behaviour, lifestyle, and circumstances resulting in poor diet and high tobacco consumption leading to unfavourable levels of major risk factors for coronary heart disease.
These inequalities are persisting in spite of the widespread and constant health promotion and health prevention initiatives, which suggests substantial and continuing barriers to healthy changes. Increasing evidence suggests that younger and more deprived adults are less susceptible to preventive messages aimed at the general population. For example, lower income, less education, and lower self efficacy have all been shown to increase barriers to health promotion inter ventions. 23 Furthermore, marginalised minority and low income groups may also receive less exposure to prevention messages on nutrition, exercise, and tobacco. 25 Although a role for decreased uptake of treatments among the most deprived groups cannot be discarded, this is probably modest, as most premature deaths from coronary heart disease occur outside hospital, half of them in the absence of a previous diagnosis of cardiovascular disease. 26 27 Conclusions Premature death from coronary heart disease remains a potentially important contributor to social inequalities. Furthermore, the flattening of the decline in mortality from coronary heart disease among younger adults may be the first warning sign of worsening lifestyle choices and behaviours rather than deterioration of medical management of coronary heart disease. Unfortunately, large time series of measures of the prevalence of risk factors are not available for this population. This is an important priority for future research, to estimate the extent to which trends in major cardiovascular risk factors may explain inequalities in mortality from coronary heart disease. A better understanding of the complex interaction of causal risk factors and inequalities will also be crucial. Marked deterioration in medical management of coronary heart disease seems implausible. Unfavourable trends in the major risk factors for coronary heart disease (smoking and poor diet) thus provide the most likely explanation for these apparent inequalities.
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WHAT IS ALREADY KNOWN ON THIS TOPIC
Mortality from coronary heart disease has been declining in Scotland and in most Western countries in the past 30 years A recent slowing of this decline has been seen in young adults in the United States and in England and Wales
WHAT THIS STUDY ADDS
This preliminary analysis suggests that the flattening of the decline in coronary heart disease mortality in young men in Scotland is confined to deprived groups
